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FLIGHT EVALUATION OF THE LATERAT: STABITITY AND CONTROL
CHARACTERISTICS OF THE CONVAIR YF-102 ATRPLANE

By Thomes R. Sisk, Willlaem H. Andrews,
and. Robert W. Darville

SUMMARY

The lateral stebllity and control characteristics were investigated
on the Convair YF-102 airplsne durling fllghts of the National Advisory
Committee for Aeromsutics research program. The investigation included
gradually iuncreasing sldeslips, rudder-fixed alleron rolls, rudder pulses,
end trim runs at altitudes of 25,000 and 40,000 feet over the test Mach
nurber range. A few wind-up turns were performed at an altitude of
50,000 feet to investigste directional stebility et high 1ifts.

The lateral hendling characteristics appeared satisfactory when
viewed In terms of gradually lncreasing sideslips. A large directional
trim change wae encountered at all eltitudes at a Mach number of gpprox-
imately 0.95 and a directional divergence was encountered st high 1ifts
(angle of atbtack spproximately 20°). The lateral dynamic stebility
characteristlcs were generally unsebisfactory but more tolerable at the
higher speeds. Violent inertial coupling was encountered during aileron
rolls at a Mach number of 0.T4; however, no difficulty was encountered
when cbserving the restriction of rate of roll of 100° per second and
angle of bank of 100°.

INTRODUCTION

The YF.102 airplene wae designed as & high-performance, ell-weather
interceptor, and is currently undergolng flight evaluation of handling
gualities at the NACA High-Speed Flight Station at Edwards, Calif.

The first pcrtion of the f£flight program was carried out with the
original symmetrical wlng configuration; however, to improve the drag
characteristics of the airplane, the wing leading edge was cambered and
the wing treiling edge (ou‘bboard. of the elsuonegy vas reflexed up 10°.
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Only a small amount of labteral stsbllity and conbtrol data was obtained
with the symmetrical wing configuration; therefore, only the canbered-

reflexed wing configurstlion datae are shown in this psper.

These tests

were carried out st altitudes rangihg from 20,000 to 50,000 feet over

the Mach number range from O.4% to 1.17.

Violent inertisl coupling

encountered during this investigation 1s reported in reference 1.

The flights lncluded in this investigetion were performed from
Noverber 1954 to October 1955.

Cn

SYMBOLS

normal acceleration factor, g units
transverse scceleration fector, g units
wing span, ft

Rolling moment
1
EpVQSb

rolling-moment coefficlent,

Wan

eirplane normal-force coefficient, T
EpVES

Yawing moment
Zov2sp
2

ILateral force

L)
v
PV

reciprocal of cycles to demp to one-helf amplitude

yawing-moment coefflcient,

lateral ~-force coefficient,

mean aerodynemic chord, ft

laterel stick forece, 1b
longitudinal stick force, 1b
rudder force, 1b

acceleration due to gravity, ft/sec?

pressure altitude, ft



NACA RM H56G11 coNEERNTIID 3
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moment of 1nertia about longitudinel body axis, slug-£t2

moment of inertis of rotating engine parts sbout X-body exis,
siug-f£te

moment of inertia sbout lateral body axis, slug-fte
moment of inertis sbout normal body axis, slug-ft2
product of inertis referred to X- end Z-axis, slug-ft2
Mach number

pgriod., sec

rolling anguler velocity, ra.dia.ns/ sec

rolling sngulsr acceleration, radians/sec?

average rolling velocity, ra.dians/ sec

pitching angular velocity, ra.d.ians/sec

pitching enguler accelerstion, ra.dj.aa;us/sec:2

- yewing engular velocity, radisns/sec

yvawing angular accelersation, ra.dis.ns/ sec?
wing ares, ££2

time to damp to one~half aemplitude, sec
time, sec

time to bank to 90°, sec

true velocity, £t/sec

equivalent veloeity, V g, ft/sec
indicated veloclty, mph

BVe
573

TR

equivelent side velocity, , ft/sec
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airplane weight, 1b

wing-tip helix angle, radians

varlation of wing-tip hellx angle with lateral control angle,
per deg

variation of transverse scceleration factor with angle of
sideslip, g/deg

varlation of lateral stick force with angle of sideslip, lb/deg
variation of rudder force with angle of sideslip, lb/deg
varlation of lateral control angle with angle of sideslip
variation of rudder control angle with angle of sideslip

varlation of rolling-moment coefficlent with alleron deflec-
tlon, per radian

variation of rolling-moment coefficient with rudder deflectlon,
per radian

varistion of yawing-moment coefflclent wilth alleron deflection,
per radian

variation of yawing-moment coefflcient with rudder deflection,
per redlan

variation of rolling-moment coefficient with angle of side-

dc,
slip, EE-’ per radian
variation of yawlng-moment coefficlent with angle of side-

ac _
slip, EEE’ per radian
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GYB variatlon of lateral-force coefficlent wlth angle of side-
d
slip, EE—’ per radian_
a angle of attack, deg
B angle of sideslip, deg
S lateral control angle, SeL - SeR, right roll positive, deg
Ee + B¢
Be longitudinal control angle, ——ILET—EEE deg
5p rudder control angle, deg
Sgg lateral stick positlon, in.
Bge longitudinal stick posltion, in.
§pL left rudder pedal poeition, in.
e angle of pltch relative to flight-path directlion, radians
o density, slugs/cu ft
(o3 alr density ratio, gl
0
bank angle, deg
¥ engle of yaw relative to flight-path direction, radians
G rotational wvelocity of engine xotor, radians/sec
mea nondimensional undamped natural frequency 1in pitch of non-
rolling aircraft (ratio of pitching frequency to steady
rolling frequency)
wwa nondimensional undemped natural frequency in yaw of nonrolling

aircraft
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Subsecripts:

L left

R right

0 standard sea-level conditions

ATRPLANE

The test alrplane 1s illustrated by the three-view drawing of fig-
ure 1 and the photographs of figure 2. Physical characteristlics are
presented in teble I. The airplane is a semitailless, delta-wing con-
figuration having 60° leading-edge sweepback of the wing and vertical
stabilizer. The wing configuration embodies a 6.3 percent conical cam-
ber leading edge, 10° reflexed tips, and wing fences located at 37 and
67 percent of the wing semispan.

The ailrplane is equipped with conventlonal flap-type control sur-
faces which are actuated by an irreversible hydrsulic power control sys-
tem that is integrated witb the stick and rudder pedals through an arti-
ficilal feel system. The lateral control forces are provided by a simple
mechanicel spring so that the stick force 1s a constant function of stick
displacement. The rudder forces are provided through a combination of
mechanicel spring and "q-feel" mechaniam.

No pltch or yaw dampers were installed on the airplane during this
investigation.

INSTRUMENTATION AND ACCURACY

The airplane was instrumented to record the following quantities
pertinent to the stabillity and control investigatlion and all instruments
were correlated by a common timer:

Airspeed and altitude

Angle of attack and sideslip

Normel and transverse acceleration

Pitch, roll, and yawling velocitles and accelerations
Control stick and rudder pedal positlons

Elevator, aileron, and rudder positions

Elevator, alleron, and rudder control forces
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The airspeed head, angle-of-attack vane, and angle-of-sldeslip vane
are mounted on a boom extending forward of the fuselage nose. The static
pressure and total pressure orifices on the airspeed heasd are located &t
points 79 inches and 87 inches, respectively, ahead of the fuselage zero
station. The airspeed installation was calibrated by the standard radar
phototheodolite method and the Mach number is estimeted to be accurate
to #0.01. The angle-of-attack end angle-of-gsideslip vanes are located
approximately 64 inches forward of the fuselage zero station. The indi-
cated angle-of-attack reading was corrected for errors introduced by
boort bending and piteching velocity, but no attempt was made to correct
the errors resulting from vane floating or upwash. Corrections to the
measured sideslip angles for errors resulting from rolling end yawing
velocities are small and have been disregarded.

The airplane welght was determined from the pilot's reading of the
fuel quantity gege at the begimning of each maneuver and is estimated to
be accurate to 1100 pounds.

TESTS

Gredually incresasing sideslips, rudder-fixed saileron rolls, rudder
pulses, and trim runs were performed at 25,000 and 40,000 feet over the
test Mach number range. During the initial roll investigeition, violent
inertial coupling was encountered, as reported in reference 1, and sub-
sequent rolling maneuvers were restricted to a rate of roll of 100° per
second and an angle of bank of 100°. A few wind-up turns were performed
at an altitude of 50,000 feet to investigate the directional divergence
predicted by tunnel tests at the higher angles of attack. It was nec-~
egsary to go to the higher altitude to develop the higher 1ift coeffi-
cient without exceedlng the normel sacceleration limitation of 3.7g.

Only cambered-reflexed configuration data are presented in this
paper since most of the Iinformation was obtglned with this configuration.

The center of gravity for these tests varied between 28.2 and
29.0 percent of the mean aerodynamic chord.

RESULTS AND DISCUSSION

Static Stability Characteristices
Sideslip characteristics.- A summsery of the sideslip characteristics

is presented in figures 3 and 4. Figure 3 shows representative basic
plots of the variation of longitudinal, lsteral, end directional control
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angles; transverse acceleration; and lateral and directlonal force as a
function of sideslip angle for three Mach numbers at an altitude of

40,000 feet. Figure 4 summarizes all sideslip data at altitudes of

25,000 and 40,000 feet over the test Mach number range with the XF-92A air-
plane data (ref. 2) added for comparison. Sideslips on the YF-102 airplane
were limited to gbout 5° but, within this range, the basic plots of fig-
ure 3 show the pitching moment resulting from sideslip 1s sm=ll and the
variation of rudder control angle and lateral control angle with side-

slip is linear. In the summary presentation of figure 4, for comparable

altitudes, the variation of transverse acceleration with sideslip EEE

ag
for the YF-102 alrplane is of the order of two-thirds that of the
XF-92A airplane. The pilots commented that the sideslip characteristics
were satisfactory and that the transverse acceleration was not excessive.

Determination of static derivatives.- Figure 5 presents the varia-
tion with Mach number of the static derivatives Ci.> Ciz.s Cng s
8 r a

and CnSr which were used to obtain the effective dihedral parameter C,

and the directional stability parameter CnB presented in figure 6.
These derivatives and the lateral force perameter CYB (fig. 6) were

determined according to the method outlined 1n the appendix for the test
altitude of 40,000 feet. The sideslip parameters of figure 6 substantiate
the variations of 'E§3, EEQ, and EEE presented in figure k.
dp dag dp

Directional trim.- The YF-102 airplane experlences a severe direc-
tional trim change at sll altitudes at a Mach number of gbout 0.95.
Figure 7 presents the rudder trim variation with Masch number at an altl-
tude of 40,000 feet where rudder deflection of 4° and rudder force of
100 pounds 1s required to malntain a sideslip angle of zero. This abrupt
directional trim change is excessive, making precise control of the air-
plane difficult In this speed range.

Divergence at high lift.- Several wind-up turns were performed with
the YF-102 airplane at an altitude of 50,000 feet to study the high 1ift
directional stabillity characteristics without exceeding the limit load
factor of 3.7g. One of these turns to meximum ONA (fig. 8) exceeded

an angle of attack of 20° and the airplane diverged in sideslip to 10°
before recovery could be effected. Additional turns have been performed
at 50,000 feet to investigate this dlvergence further; however, buffeting
has generally limited these turms to 18° in angle of attack. Two of
these turns did exceed 180, however, and the beginning of a directional
divergence was Indicated. It would seem, then, that a directiocnal diver-
gence might be anticipated whenever the angle of attack exceeds 20°.
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Too few divergences were encountered to cbtain reasongbly accurate pilot
comments on the maneuver; however, with the low piltch rate in the one
maneuver where divergence was attalned, the pilot felt he could control
the divergence by decreasing the angle of attack before extreme values
of sideslip were reached.

Dynamic Characteristiecs

Period and demping.- The perlod and demping as a function of Mach
number and the reciprocal of the cycles to demp to one~half amplitude

plotted agalinst % for comparison with the Specification of reference 3

are presented in figure 9. Inspection of figure 9(a) revesls that P
and Tq /2 vary as might be expected. The Specification states that the

damping of the lateral-dlrectlional oscillation shall be such that the
damping parameter %l - has a value greater than that shown by the
curve of figure 9(b). Figure 9(b) shows that the YF-102 in comparison
with the Specification varies from unsstisfactory at the low speeds to
marginally satisfactory at the high speeds. The pilots felt the leleral
period and damplng characteristics obtained from rudder pulses were gen-
erally unsatisfactory but more tolerable at the higher speeds. This is
pointed out in figure 9(b) which shows the pilot's rating of each pulse.
The pilots considered the roll-to-yew (effective dihedral) to be objec-
tionebly high over most of the speed range covered In the tests, with
the airplene belng very sensitive in roll. Also shown in figure 9, for
comperison, are XF-92A dete for an sltitude of 30,000 feet.

Regidual osclllations.- Resldual oscillations have been encountered
et all speeds and sltitudes with the YF-102 airplane. These oscilleablons
are not severe enough to restrict the meneuvering cepsbllities of the
alrplene, but the pilots felt the osclllation would meke the execubtion
of precision meneuvers (tracking runs, for exemple) extremely difficult.
Figure 10 presents time histories of two such rums at low speed at an
altitude of spproximately 20,000 feet.

Rolling Characteristics

Tanding configurstlon.- Reference 5 states that at low speed the

b
average P-Z—V’ shall equal 0.05 for the first 30° of bank. Figure 11 pre-

sents a time history of & low-~speed alleron roll wilith gesr down where
the average %—3 equaled 0.036 at & bank angle of 30° showing that the

YF-102 airplene will not meet the low-speed roll requirements of the
Military Specification. The pllots, however, reported the low-speed
rolling characteristics of the ¥YF-102 alrplane to be satisfactory.
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Clean configuration.- Figure 12(a) presents the variation of wing-
tip helix angle with lateral control angle for the higher speeds and
shows that this veriation 1s linear over the range of control deflectlons
tested. Flgure 12(b) presents the variation of %%/Ba with Mech number
and the tlime to bank to 900 for one-quarter and one-half control deflec-
tion. Figure 12(b) indicates that the YF-102 eirplane, for one-half

control deflection, would not meet the Military Specification of %% = 0.09

or 1 second to reach an angle of bank of 100°. At higher control deflec-
tions, 1t appears the YF-102 would meet the reguirements; however, the
alrplane 1s presently limited to 100° per second rate of roll and 100°
of bank because of violent Inertial coupling thet has been encountered.

Roll coupling.- Figure 13(a) is a time history of an aileron roll
executed at an altitude of 39,000 feet at M = O.T in which violent
coupling was encountered. The sidesllp angle increased to 30° and the
normel acceleratlion exceeded the range of the instrument at -2.6g in
this maneuver. After this maneuver, the ailrplane was restricted to 100°
per second rate of roll and 100° angle of bank by the manufacturer. A
more complete discussion of this maneuver 1s found in reference 1. TFlg-
ure 13(b) presents two representative time histories of restricted rolls
at M =0.85 and M = 1.15, showing that no excessive amplitudes in
angle of attack or sideslip were encountered in observing this limita-
tion. Additional maneuvers were performed observing the roll Iimitation
where the airplane was rolled from wilngs level to a bank angle of h5°,
then from 45° angle of bank in one direction to 45° angle of bark in
the opposite direction. The pllots commented that, for these conditlions,
the lateral control characteristlics appeared satisfactory.

Figure 1h(a) is a summary of the transonic speed rolls performed
at 40,000 feet where the unrestricted rolls that were performed prior to
the violent coupling maneuver of figure 13(a) are indicated by solid
symbols. This summasry plot shows that no appreciable changes in sideslip
angle or angle of attack occurred with the restriction of 100° per second
rate of roll and 100° angle of bank placed on the airplane, as evidenced
by the envelope around the A8 and Aa values. Conversely, the unre-
stricted rolls show consldersbly lerger changes in AR and Ax, partic-
ularly et the lower speeds. The viclent meneuver of figure 13(a) is
shown in figure 14(a) where the sideslip angle increased to 30° and the
angle of attack exceeded a 19° variation from trim. Figure 14(b) pre-
gents the low-gpeed characteristics, gear up and gear down, with the
restriction and extends the restricted roll data of figure li(a) in that
no appreciable changes in sideslip sngle or angle of attack were encoun-
tered. The recovery values of Af and Ax were generally smeller than
the initial velues and, for clarity, are omitted from the figure.
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Most of the alleron roll data were cbtained with the restriction
of 100° per second rate of roll and 100° angle of bank in which no vio-
lent 1nertial coupling was anticipated or encountered. There are many
factors that influence the severity of roll coupling; bhowever, as pointed
out in reference 4, plots of the type presented in figures 15 and 16 can
be used as & gulde in determining flight conditions where serious roll
coupling might be expected in 360° rolls. Figure 15 presents a roll
stability plot of the type discussed in reference 4t for the YF-102 air-
plane at three Mach nurbers. It 1s evident that at all Mach mubers the
proportioning of longitudinel to directional stebility is such that the
initial coupled motion would be primerily a sideslip excursion. Further-
more, thls stability proportlioning becomes leas desirsble as Mach number
increases. The roll rates at which the lines of figure 15 cross the
vertical boundasry were shown in reference 4 to correlste fairly well
with the average roll rate at which peak coupling effects were chtained
in 360° roll calculations. This roll velocity, termed "lower resonsnt
frequency,” has been plotted in the f£light envelope of figure 16. Also
shown in this figure is the spproximate maximm average roll rate attain-
able in 1 g flight. Thus it is seen that roll rates at which serious
coupling effects might be cbtained are possible throughout most of the
test Mach number range for this alrplane. As a matter of interest, the
flight condition of figure 13(a) is plotted in figure 16. The roll rate
of -1.55 radians per second st which pesk coupling effects might be
expected, correlated rather well wilith the average roll rate cbtalned from
figure 13(a) (1.57 radians/sec to control reversal).

CONCLUSTIONS

Results obtained from the latersal stebillty and control investige-
tion performed on the YF-102 airplane indicabte the followlng conclusions:

1. The static lateral stabllity characteristics, as measured in
sideslip, appeear satisfactory. There 1s adequate rudder power over the
entire speed range.

2. A large directional trim change was encountered at a Mach number
of approximately 0.95 at all sltitudes.

3. A directional divergence was encountered in wind-up turns where
the angle of attack exceeded 20°.

L, The pilots felt that the dynamic characteristics, as measured

in rudder pulses, were generally unsatisfactory but more tolerable st
the higher speeds.
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5. Although the alrplane did not meet the Military Specification
for the landing configuratlion, the pllots reported the low-speed rolling
characteristics to be satisfactory. Violent Inertlal coupling was
encountered in an aileron roll at & Mach muber of 0.T4; however, no
difficulty was encountered when cbserving the restriction of rate of roll

of 100° per second and angle of bank of 100°.

High-Speed Flight Station,
National Advisory Committee for Aeronautics,
Edwards, Calif., June 25, 1956.
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APPENDIX

The variation of the effective dilhedral parameter CZB’ the direc-
tional stabillty parsmeter CnB, and the lateral-force parameter Cy

B
were determined for the YF-102 airplane from the following equetlons

) .
- e @) @
B EUE 5:)\&5 )|
(a0, (a5 ac,) fasg)]
RSP
day
z(-?f“—t | )
%DVES

“Yp

The basic r and ﬁ equations of motion sbout the body axis are

Iy - Iy Iyy . L ASb ASb ASb2
. ¥ XZ X7,
P = | —~———]ar + T + pq + c &, + — C + — C, p +
. 2 2
i« ASb ASb ASb .
i =—_C, r+=22¢ + =2 O Y
\ 2VIy ir Iy ZgB Iy 'I,Bﬁ (%)
. Ix - Iy Ixz. . Ixz Ix ASH . ASp2
T = | —— + - T + + + — +
( I )pq T, P @ T, 1Y%, Cng Br Vi Cor”
ASbZ ASb ASb2 , .5 . ASD
Ty, Cnpp + Ty, CngB + ——ZVIZ CngB + —IZ Cnaaaa. (5)
where — C:Lb{ 1 & o’ P T‘W"
A = %DVE - ‘D‘ -

If the accelerations are considered before the angular velocities
and displacements reach apprecisble values, and if the other second
order effects are neglected, equetions (4) and (5) reduce to
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. ASb ASb
=888 o 5, + 2R 0, B 6
. ASb ASb Ixy, -
r === B0 + — By + —=
T, et T I Cnsa et 3, P (7)

The varlation of rolling-~ and yswing-moment coefflcient with respect
to alleron and rudder deflection was determined by using equations (6)
and (7) from the initial phase of rudder pulses and rudder-fixed aileron
rolls as follows

ac IyAp
d&z =T X2 IASg, from rudder-fixed aileron rolls (8)
g
Epv Sb
ac Ty A
LA XCP Ay from rudder pulses (9)
Tr ~ Ly2
2
aCn IZAi‘
= AB,. from rudder pulses (10)
d®r  Lov2sp
2
an IZ

= - = [Ai« - %‘Z' Ai)] from rudder-fixed aileron rolls (11)

The following plots show representative magnitudes of r eand ﬁ
and times considered in analyzing the rudder-fixed alleron rolls and
rudder pulses.

In determining CYB, the control-fixed portion of the rudder pulses

was used to determine the variation of transverse acceleratlon with
sideslip angle.
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TABLE I

PHYSICAL CHARACTERISTICS OF THE TEST ATRPLANE

Wing:
Airfoil section . . . . .

Total area, sg £+ . . . « « « &
Span, Tt ¢ o ¢« ¢ o v o ¢ s e &
Mean serodynamic chord, £t . .
Root chord, £t .« « ¢« ¢« & = & &
Tipchord, ft « « « « ¢« ¢« « ¢ &
Taper ratio + « « » o« « v = o &
Aspect ratdo <« « « 4 4 s o
Sweep at leading edge, deg . .
Incidence, deg ¢ » « « « & « o
Dihedral, deg + « « « ¢ ¢ + o &«

Conical camber (leading edge), percent chord

Geometrdic twist, deg . « « « + ¢ 4 .
Inboaxrd fence, percent wing semispan

Outhoard fence, percent wing semigpan

Mpreflex, deg ¢« ¢ o « ¢ o ¢ ¢ s ¢ »

Elevons:

Aree.Etotal, rearverd of hinge line}, sq ft . . . .
ong elevon), FL o « ¢ o & 2 4 o s e o o s e
Root chord (rearwerd of hinge line, parallel to
ft

Span

Tip chord (rearward of hinge line),

Elevator travel, deg:
UP ¢ v o ¢ o s o « = «

DOWIDL « o ¢« o ¢« 5 o s o« o a &
Afleron travel total, deg . . .
Qperation . ¢« « ¢« ¢ « s & @ o«

Vertical tail:
Adrfoll gection « . + ¢ o o« .
Area (above station 33), &q Fft
Sweep at leading edge, deg . .

Height sbove fuselage center line, ft

Rudder:

Avea (resrwerd.of hinge line), sq £t
Bpan,; £ . ¢ ¢ o ¢ 4 e 4 0 e s 8w

Root chord (reerward of hinge line), £t
Tip chord (rearward of hinge line), ft

Travel, deg « « « ¢ + « ¢ = « ¢ & o

Cperation . « ¢ « « « s ¢ o & «

Fupelage:

Length, £t « ¢« v « ¢ o « = o« «
Meaximum diemeter, £t . . . ¢ &

Power plant:
Englne .« « ¢« ¢« ¢ « ¢ o« ¢« & s «

Rating:
Btatic thrust at sea level,
Static thrust at ses level,

Welght:
Empty wedght, 1b « « « » &« « &

Total weight (1,010 gal fuel), ib

Center-of-gravity location, percent

Eupty welght o o« « o « « o & «

Moments of inertia (for 24,000-b
Iy, slug-ft? . o . . .. o ..

Ty, slug-ft2 . . . ... ., .
Iz,alug-fta.........

Iygs elug-ft2 . . o . .. ..
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